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imm] [SUBJECT] 

y n > ^^^^i$.^^±{z v- y =1 After forming a silicon epitaxial layer on a silicon 

v:^ t'^^v^-ir/Hi^ff^^LTt semiconductor substrate, the heat-treating 

f^. ^0^rHl-eSI5l^^{c I method of the silicon semiconductor substrate 

^(DMI^-X:^ 6U^(DUA^Xf^ which can make the inside of a substrate 

^^Hj^-t^ Z t "IteTte y precipitate the micro defect of the degree which 

3 yij^jf f^S^^cDSft^S;^fe can anticipate IG effect in a short time, An offer 

t. mt^^MMJif^'kMMLfj: of the thermal treatment equipment using the 

;6^t>^feM't4(7)|p]±SrlKl6w<t7)S silicon epitaxial-growth apparatus which can 

"TtbT'ce y =^ y :t. ^ ^ ^ /I' achieve the improvement in productivity, putting 

f^-^BM%:!^^^tzBMM^^W:co the above-mentioned heat-treating method into 

tl#^o effect. 


mm^^] [SOLUTION] 

v/y =r ^'oz drv^-t/Hi^JF^ After forming a silicon epitaxial layer, a rapid 

^tfc^. #^ft:'lt#IS^-eBlT heating is performed to 1200-1300 degrees C 

^(D^^^iM^V 1200~13 by required temperature drop in non-oxidising 

0 0°azMmmL. mmrm atmosphere. 

W^ki^s Wf^<^f^Uoi.J^VMM BMD of a required density is obtained inside 

}vM't ^ ^ t ii^ ^ 'O . SISF^pI5 a substrate by performing a quick cooling at 

{^WT^'^M(^BMD^^^^htl required temperature-drop velocity after a 

6o short-time maintenance. 
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[#t^ff*(75 15111 


[CLAIMS] 


mim. 1 ] 

t^. ^m\mM-w^%^-^\ 2 0 

0°CJy±(^#?aL. 1 2 0 0~ 
1 3 0 0°C(O$5iap^-e5-3 0 

1X10^ (c m"^) 1^±C0BM 
D y ^ >if^#f*£^g(Z) 


[CLAIM 1] 

After forming a silicon epitaxial layer on a silicon 
semiconductor substrate, a temperature rise is 
performed to 1200 degrees C or more within 
non-oxidising atmosphere. 
It cools after a 5-300 seconds maintenance 
within the limits of 1200-1300 degrees C above 
the 10 degrees-C / second in temperature drop 
velocity. 

The heat-treating method of the silicon 
semiconductor substrate which obtains inside a 
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substrate BMD more than 1*108 (cm-3). 

[Ii*^2] [CLAIM 2] 

ffjl^il 1 (cjoV^T. ^?£~9 0 In Claim 1, a temperature rise is performed to 

OVX'O 1 0 ~ 1 0 the range of 1200-1250 degrees C by the 10- 

0 °C/#-e 1 2 0 0- 1 2 5 100 degrees-C / second of temperature drops 

0 °C(7)|5ia{:i#?a 5 ~ 6 0 from room-temperature -900 degree C. 
#^^^tfcm. I^?ajl^5 0~ The heat-treating method of the silicon 

10 0 °C/#i:' 9 0 0 °C~^£ semiconductor substrate cooled to 900 degrees 

* V}^ii\-f-^ y =3 ^^igl^s c - a room temperature by the 50-100 degrees- 

W.(^^MM.1jili:o C / second in temperature-drop velocity after 

maintaining for 5 to 60 seconds. 

[fS*rl3] [CLAIM 3] 

lf*JS 1 {-*5V^r. iyV=^y:^ The heat-treating method of the silicon 

t:°^^>'^/i-j^)cSi^E^ffl'/\ semiconductor substrate continuously heat- 

:x t:°^ :3e ^y^/Uf^-^ya±;^{z treated in Claim 1 following an epitaxial-growth 

^V^TiS^LTlft^S't"^ y process using silicon epitaxial-growth 

n y^mi^mU(DmMm:ffmo apparatus. 

[If*rl4] [CLAIM 4] 

St^co/^y K y >'^"v/P^7^ The thermal treatment equipment of the silicon 

't''il^^'-v'y^5^^-lr tiit^r semiconductor substrate of Claim 1 which 

^■f-^^yV=^y:^h°i^^iy^/i^ provided at least the thermal treatment 

)^}cfi:^M^c:4ol/^T. (P^j: < ti> equipment which can heat-treat a rapid heating 

1 ^co=f--Yy^<~KM^MWtis and a quick cooling in the one chamber in the 
^Xf'^Mi^i^oWi^Mi^^'^W^ silicon epitaxial-growth apparatus which has the 
^MM^U^Wit'W^^MKD multi chamber structure centring around the 
^> y 3 handling system of a substrate. 

Mo 

im^mnmim] [DETAILED DESCRIPTION OF INVENTION] 

[0 0 0 1 ] [0001] 
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[mM(Dm-r:6m7'Mf] [technical field] 

ZCO^^J^lt^ ]) ^ y^M-i^M This invention concerns on the heat-treating 

^±}c V/ y =1 t°^^y-Y/^ method of the silicon semiconductor substrate 

M^Mf^Ltzi^]) ^ >'^3^i^S which formed the silicon epitaxial layer on the 

^C)|ft^S;fyfi tc-l^^ ^) ^ St5± silicon semiconductor substrate. 

(Cv/y =i>:x.}::°^^\^^/i^J§^ After forming a silicon epitaxial layer on a 

Jf^f^LtKDh. substrate, it relates by applying high- 

P^VMMMB^ XXIMM^^M(D temperature short-time heat treating of a rapid 

MUMi^f^l^M^^M-f- ^tK heating and a quick cooling within non-oxidising 

J; 'O ^ J: < £t^F^p(5(c I G atmosphere to the thermal treatment equipment 

^^J]W:(Dm"<^-^-^ ?>U&<DUA^X which provided the chamber which has the 

Pfl^^ftti^-frSi^y ^y^Mi^ thermal treatment equipment in which a rapid 

E^(DBMMJjili: t . ^/i^f^f- heating and a quick cooling are possible, in the 

^yy<—mj^(D:r.]::°^^iy^/\. heat-treating method of the silicon 

S^W&Mi^^MMII^.Rlf^Mi^ semiconductor substrate which makes the 

M^^^'^Wj^BMMBU^^i-^ inside of a substrate precipitate efficiently the 

'f-^yy<'-^niitiB^MBW: micro defect of the degree which can anticipate 

f^Ki"'5o IG effect, and the epitaxial-growth apparatus of 

the multi chamber structure. 

[0 0 0 2] [0002] 


1^^<D^W] [PRIOR ART] 

i^V It is Intrinsic as the method of receiving a 

tc:JoV^T, '^M'f^i^^^MW- metal-impurity object inside a semiconductor 

SI5l^p|5t>l© 19 iAt?:fyi!fe i L substrate in the manufacturing process of a 

T. Intrinsic Ge silicon semiconductor substrate. Gettering 

t t e r i ng (J^t^IGifS (henceforth IG and description) method is 

M) il^^^^^htiXio'O . Ztilt. known. 

v^y =1 V^#|$:S^[^f|3(7)^/h This is the method of utilising the micro 

>i^l%(Bulk Micro defect inside a silicon semiconductor substrate 

Defect. &."^kBMD (it describing as BMD Bulk Micro Defect and 

ic) ^m-r^lj'&Vh^. henceforth). 
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[ 0 0 0 3 J [0003] 

^(DMW-^MtLX. M^if. It considers as that concrete example, for 

fl^Mit^W^E^P^V I 1 0 example, high-temperature heat treating of 

0°CU±(DMiSl1I^MM^ML. 1100 degrees C or more is beforehand applied 

y =3 y ^^W-^^(D^M^^ within an oxidising atmosphere. 

f^BB ^^Jy^nk ^ ■^MXf'i^M After making the defective layer (it describes 

(Denuded Zone, asDZ layer Denuded Zone and henceforth) 

i^l^ D Z ii tSic) IrffM^-fr without performing the outside diffusion of 

tz(Dh^ i&^^^MKX V ^ y oxygen between surface lattices of a silicon 

^MW-M^P^Ui'^ B MD ^Ml^ semiconductor substrate form, the wafer (DZ-IG 

^-tfz ^ — {DZ — I cy wafer) which made BMD form on the inside of a 

^— /^) ^^^4 ^X^lTii silicon semiconductor substrate by low- 

ffi^tiTV^-So temperature process is applied at the device 

process. 

[0 0 0 4] [0004] 

t.fz. i^V =^ y^m^M^S.±\z. Moreover, application of IG is formed by the 

3 h'^ ^"y-Y/^M^l^ epitaxial wafer which grew the silicon epitaxial 

^^•^tz^ "d^^y^fV^^— layer on the silicon semiconductor substrate, 

•^■^{d'^ I Q(D^Wiiy^fl^t^X\^ However, in order that an epitaxial wafer may 

-So L;6^L, :3ifc°^:3f v'-r/i''^ apply high-temperature heat treating in that 

/^^^, ^cD^fli'7°niry^(c film-forming process, the reduction of an 

^^^XWI^^.V^'^'kM'ffz^ oxygen precipitation nucleus and 

WM^v^^<0'-^fh, X¥M.i)^ disappearance arise. 

S2r6o t^oT, x^-^-Y^^^cf Therefore, the density and size of oxygen 

-k-;^cfj('4oV^T. ^■->'^yvi>" deposit required for a gettering are not 

\z.>};i,WlBM^)^^^(0^^ii J: securable in a device process. 
XJ^^ Xtm^X^fl\^^. 

[0 0 0 5] [0005] 

±tSPn1M^^f^1"Sfci6(:i> Some proposals are formed in order to solve an 

< O/i^co^^Ti^^^ $^^T^^^o above-mentioned problem. 

i?iJx.(i\ #^¥3 - 5 0 1 8 6 For example, a low hot-temperature process of 

%X\t^ t°:? ^v'-Y/^SffM 4 hours or more is applied at 700-900 degrees 

iiit- 7 0 0~9 0 O°CT40^rHl C before the epitaxial stratification at 

i^±(Z)f£fS#{i^S^Jfe unexamined Japanese patent No. 3-50186. 
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^M^m^^Ml^h t< fiv Beforehand, an oxygen precipitation nucleus 

S^-frx ^<D^:r.i:°^ ^^y^ju is made to form. Or, it is made to grow. 

^^^^f 1 :^ffi75^^^$ tiTV ^ The method of performing an epitaxial growth 

5o 3-198 after that is proposed. 

3 3 :r.}d^^y^)V On the one side, heat treating of 4-20 hours is 

IffMt^fc, 6 5 0 ~ 9 0 0 °C applied at 650-900 degrees C after the epitaxial 

-C4~2 0 B#rH^(7)^^S^;^ stratification at unexamined Japanese patent 

^^tfftb^^JfM^-fr^;^ No. 63-198334. 

'/£^^^^$tiTV^'5o The method of making oxygen deposit form is 

proposed. 

[0 0 0 6] [0006] 


[^BJ/iSJl?i^LJ;9i:-r5li [PROBLEM ADDRESSED] 

®] In heat treating which grows a silicon epitaxial 

v- y =1 y ^ layer on a silicon semiconductor substrate, the 

>'^\:°'$^^\y^/i'M^f^-^^-^ oxygen density between lattices of a silicon 

^ fixate: jo V^T, v-y^i^^ semiconductor substrate is 11 to 17*1017 

1 (atoms/cm3). A specific resistance becomes as 

1~17X10^^ (atoms follows the silicon wafer of 0.01-100 (OMEGA) 

/ cm ^) , itW^^t^^ 0 . 0 1 (cm), as a conventional epitaxial-growth 

~100 (£2cm) coiyV^y process is shown, for example, in Fig. 7. The 

^—^^^^ '^Jx.tfO 7 KVtM wafer surface by hydrochloric-acid gas guide is 

C7):nfc'=^df-v/-V';n^:g7"n-fe^ cleaned at about 1150 degrees C. 

^^"t" J; o't^. 115 0 °C^i5 Then, an epitaxial film is grown at about 1 100 

-t:iii?;«/";^#A{cJ;6'i'^-^^ degrees C. 

C7)m. 1 1 0 0°CU^V:r.]^°^ 

[0 0 0 7] [0007] 

L;5^b, mtiW-MM'C'it, '>y However, in above-mentioned heat treating, 

=iy^Mi^M^R^p^(^BMDf^ BMD growth inside a silicon semiconductor 

:S:^^^^iJ ^ tl. V y ^'\z. substrate is suppressed. 

ii>:>g7'ct BMD^^i^jo J;t/f-^ X BMD density and size required for a gettering 
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imi^V^fj:^\ ^(Dtci^. m are not securable. 

^^y-Y/UJ§Jf^f^p]'^ Therefore, the technique of forming or 

i^M^^Bi^^Mj^h^^'^itl^ growing oxygen deposit is applied before and 

5:$-ti:S¥&;6^"3iffl^ixTl/^ after the above-mentioned epitaxial 


t^6X\ v^ir /i^lff^ Incidentally, it relates to the heat treating before 

f&m(DB^mzmLXit. the epitaxial stratification, and it is anxious 

^ ^ v/-\r /^ii(^^ffia° K^'fl:;^^^ about surface quality degradation of an epitaxial 

mit^tl^o ^fzmMmmmiZ layer. 

MLX, i/^T Moreover it relates to a heat-treating time. 

i^t^t°^^v^-\r/^^?F^i^5cm^^^ By the conventional method, since heat 

\z 4 0#rHlJ^±coift^S7)S£.^ t treating of 4 hours or more is each required 

T'cf 6 fcfe, ^m^^'^&T-f-^ Pp^ before and after the epitaxial stratification, there 

Mt^h^o is a problem which productivity reduce. 

[0 0 0 9] [0009] 

(D^^Mlt, ^/ y =1 y^^^i^.^ This invention becomes as follows after forming 

y 3 b:°^ a silicon epitaxial layer on a silicon 

M^JBf^Lfc^k. ^^f^VMU semiconductor substrate. It aims at an offer of 

i^W^l G^J}M(DM"i^V^^U the heat-treating method of the silicon 

^(DUA^Xf>{^i^tii^^^^ t semiconductor substrate which can make the 

"Ttt^c^ yV=^ y^^i^£^(D inside of a substrate precipitate the micro defect 

BMMJ7W:(D^^'k U&^tL. of the degree which can anticipate IG effect in a 

K-omtmMmij'^i:^MML^j: short time. 

^'^h^M\±(D\p]±^m^Ztt'i And it aims at the offer of the thermal 

"TttTt^iyy :n>':nt°^arv'-if/i^ treatment equipment using the silicon epitaxial- 

J^W^M^^^^ti^MM^Wi(D growth apparatus which can achieve the 

E&^t LTV improvement in productivity, putting the above- 


stratification. 


[0 0 0 8] 


[0008] 


mentioned heat-treating method into effect. 


[00103 


[0010] 


iMm^M^k'f-^tzib(D^4k] [SOLUTION OF THE INVENTION] 
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^^M^it, v-y =J >^ t°^^v/ The inventor did various examination for the 

ir/^ii^ffML/c^, M^^f^V purpose of the heat-treating method of the 

S^f^^f- I G^;i:CD^#-e* silicon semiconductor substrate which can 

6U&(DW^X^{^^^lii^-^^ make the inside of a substrate precipitate the 

r t t^'Si^^j: y ^ y^jgf^S micro defect of the degree which can anticipate 

^(D^MM:fyf^^ @ ^(cS^ ^ IG effect in a short time, after having formed the 

LfcIS;^. ^yV ='y^ii°'^^ silicon epitaxial layer. 

y^/uM^^^}^Lfz"ik. 0^it As a result, after forming a silicon epitaxial 

'f4#ia^'e 1 2 0 0 ~ 1 3 0 layer, a rapid heating is performed to 1200- 

0 °C{zMMMB ^i^fsWW 1 300 degrees C in non-oxidising atmosphere. 

Elf^(D^^^iMl^VMMi^ It realises obtaining BMD of a required density 

M't?) ^ ti^X'O ^ SI£l^ol5(^ inside a substrate by performing a quick cooling 

^f^^^co BMD^^fjti^ at required temperature-drop velocity after a 

<t^^I.t. L short-time maintenance. 

tzc This invention was perfected. 

[0 0 1 1 3 [0011] 

■t^j:t>h. rco^s^fi, :nt°^ That is, this invention is the heat-treating 

^v/-t/i^':>:3i— /^^c:joV^Ts T method for obtaining IG effect sufficient in a 

;^ 7°n ir ;^ ^^(c-H^^/^ I O device process in an epitaxial wafer. 

^;^^#6fc:S^)(D#ft^S;^i'£-e For example, the oxygen density between 

h '0 . -^JxLfiv^y ^ lattices of a silicon semiconductor substrate is 

^(D^^mmmM^t'^ I l~l n to 17*1017 (atoms/cmS). After a specific 

7Xl0^^(atoms/'cm resistance makes a silicon epitaxial layer form 

^) . ltlSfci;0^ 0 . 0 1 ~ 1 0 0 on the silicon wafer of 0.01-100 (OMEGA) (cm), 

c m) (7) V/ y =1 > :x— /N for example, a temperature rise is performed to 

l,z-yV^y=^h°^^->\ /HI ^ 1 200 degrees C or more by the 1 -200 degrees- 

Mj^^tfz(Dib. C I second of temperature drops within non- 

'I4#ia^(^-e#?aiiit 1 ~ 2 0 oxidising atmosphere. 
0°C/#-f 1 2 0 0°CJ^±{i# It is cooling to 900 degrees C - the room- 

?£L. 1 200~1 300°C(^ temperature degree by 5-300 seconds 

iEfflP^-C 5 ~ 3 0 0 f}'^mk. maintenance back and the 10-200 degrees-C / 

^i^l^S. 1 0~ 2 0 0°C/fj?V second in temperature-drop velocity within the 

9 0 0°C~^?agittl:?^£l]-r limits of 1200-1300 degrees C, and it is the 

'S^i'C.S'Kf^^lci X 1 0 ^ heat-treating method of the silicon 

( c m"^) J^±60BMD^t#-5 semiconductor substrate which can obtain 
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r <t ^> y =1 y^^^i^m inside a substrate BMD more than 1*108 (cm- 

t5wMS;^&-efcs. 3). 

[0012] [0012] 

^ hi^. ^^#fi> Furthermore, an Inventor is comprising at least 

y/<—W:i^^^i~^i^V ^yj: the thermal treatment equipment in which the 

t°^^\y^/]y^^pJ^fj:W'MM rapid heating of an above-mentioned 

^g(c4oi/''T, {p-^£< thl-^ description and a quick cooling are possible, to 

(D'^-Yy^<—li:imB^tl^(D-MM one chamber in the thermal treatment 

MB^o XXIMM^i^i^i'^^^^lB^ equipment which has the multi chamber 

M^M^ McM't o ^ t V , structure and in which a silicon epitaxial growth 

^ ± is possible, and it realises that it can heat-treat 

B(7)^M^a^.io^U'^:Mif%^(D continuously efficiently in a short time by 

ii5?£M0#rH^^^S^fT 0 ^t\z. performing high-temperature short-time heat 

=t '0 . < M^f^'^'MM^ treating of the above-mentioned rapid heating 

{^iSi^S^tT ^ ^ t ff^V ^ ^ :l and a quick cooling in an epitaxial stratification 

t^^^L. ^(Dm^^^f^L process, 
/do This invention was perfected. 

[0013] [0013] 


l^m(D%mmm] [Embodiment] 

• (75^ 0j 4o V ^ T . ti'^ The oxygen density between that lattice is 1 1 to 

iy') ^(D^ 17*1017 (atoms/cm3) in the target silicon 

^f^^M^M.^ti^ 1 1 ~ 1 7 X 1 semiconductor substrate in this invention. A 

0^^ (atoms/cm^), specific resistance is the substrate of 0.01-100 

]tmK-h^ 0 . 0 1 ~ 1 0 0 ( Q (OMEGA) (cm). 

cm) (DSIS'Cfe^o ^<^it^ It is aimed at the range of previous specific- 

^i$.(O^M^M^ti'^(^lt^ resistance value for growth suppressing of 

t:°^ df->>-\f./i^^-g.y o -{r;^^:- oxygen deposit becoming remarkable in an 

^^^ffl±j#JC0fi)c:i:W]^iJ/5^Sl^i epitaxial-growth process. 

^l^fd^X'h'O ^ 'M.tz, ^S-T-TbI Moreover, if the oxygen density between 

^^M^coW^M^^f^ LXit^y y lattices of a silicon semiconductor substrate is 

=iy'^mi^^^(^^l-fB^BM'M under 11*1017 (atoms/cm3), it relates to the 

i^/iiS 11X10^^ (atoms range of the oxygen density between lattices. 
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/cm^) ^f^ffi, BMD density inside a substrate becomes below 

cOBMD^it7)\ 1 X 1 0 1*108 (cm-3), and a gettering efficiency 

m"^) \ikr tfl^ ^ l^'^f reduces. 

^^^^■fSTL. '^fz^^fi\UiM Moreover if the oxygen density between 

'M^f)^ 17X10^^ (atom lattices exceeds 17*1017 (atoms/cm3), 1*more 

s/cm ^) ^Mx.'Si. BM than 1010 (cm-3) will be the BMD density. 

B^J^t^ 1X10 ^° (c m'^) The mechanical strength of a substrate is 

Ui±^r/.^'9. MRomWL^^^^ because it becomes weal<. 

[0014] [0014] 
I^^T^-s nco^BJf^ctS^Ma Below, the heat-treating method by this 
;^ ^ [21 1 K^-^^^^xm-f invention is explained based on Fig. 1 . 
So - (D^^^<D^MM:^'i^\zio The temperature rise of the heat treating of the 
^W^.Xh^MMMW's^ ^XJ^ rapid heating which is the characteristic in the 
MM^M(D^Mm^. heat-treating method of this invention, and a 

v'-V^^^fi:/c3 i^^llTf^. f^J quick cooling is performed to 1200 degrees C or 
7L\-t. ^^fl^tt#ffl^[^T#?a more by the 1-200 degrees-C / second of 
1 ~ 2 0 0°C/|:1>'C 1 2 0 temperature drops after the epitaxial-growth 
0°Cii(±(::#ra L, l 2 O O ~ process completion (for example, inside of non- 
1 3 0 0 °C(7)tQffll^-C- 5 ~ 3 0 oxidising atmosphere). 
0#^it^. ^\&.^ \ 0-2 After a 5-300 seconds maintenance within 
0 0°C/#T-?^a]-r'5o ^(^^. the limits of 1200-1300 degrees C, it cools by 
')m.(r>WiW(BJ^\i. 9 0 the 10-200 degrees-C / second in temperature- 

0 "cmM.. % fzM'JWJ^\t 9 0 drop velocity. 

0°C~^ra(7:'tEiai^'C J;i^ The start temperature of this heat treating 

becomes as follows. It is about 900 degrees C 
from a room temperature. Moreover completion 
temperature is sufficient within the limits of 900 
degrees C - a room temperature. 

[0 0 15] [0015] 

CI (7)^0^ fc:Joi ^r. #^ft:t4# In this invention, inert-gas atmosphere, such as 

ffl:^i: LTfi. N 2^ Ar/c^ir' N2 and Ar, is desirable as non-oxidising 

(75^?§'t4;y;^#[a^;i^Mt L atmosphere. 

^\ 
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[0 0 16] [0016] 

^fc, -^MtlU^.^o X'd'^M'ifvi^ Moreover, as a rapid heating and heat-treating 
(DBMM^i^t LTfi, PtSii conditions of a quick cooling, it is temperature- 
1 0 °C/fJ^^M. tcit. drop velocity under a 10 degree-C / second. Or, 
{^^^Btfel^ 5#^rll, t-fzlit^ when less than 5 seconds or heat-treating 
fiMSS^^ 1 2 0 0°C5|5yi-e temperature is performed a holding time at less 
ff-^tz^-a-. y ^ y^#f:^£ than 1200 degrees C, IG effect that the amount 
U^at B MD (D^Jf < of precipitation of BMD is few and is sufficient is 

-h^^ll G^JiW:^'^^hti-f. # not obtained by the silicon semiconductor 
U^^. PtrSJi-^/S^ 2 0 0 °C/ substrate. When a temperature drop and 
fP^B.TL^^M'k. ttcit. temperature-drop velocity exceed a 200 
m^^f^-^'^ 3 0 0^!P^B^^^ degree-C / second, Or, when a heat-treating 
l^fcltmMM^^^t-^ 1 3 0 time exceeds 300 seconds, Or when heat- 
0°C^@x.'5^-a . ^^-ftKD^ treating temperature exceeds 1300 degrees C, 
i^TV -> y =1 v^^^f^S^^Sfc Since the problem which slip transfer generates 
^ y ^yy^^^'^^^i'^P^Mi'^ is in a silicon semiconductor substrate also on 
h^fz.^. tu 0^(75 15 HtJ^?^ L any conditions, the above-mentioned range is 
V\ y^(D^^m)5 desirable. 

itT^ SS^S'{^i#fp:ir-^i^S^ In addition, when the substrate maintenance 
ffl'/^-S ^ i tS^T-^ {t> # jig and the apparatus which can prevent 
Kmt^(DWUMl^^ generating of a slip can be used, especially the 

±PSf"±^M'Cfo6o upper limit of the above-mentioned temperature 

drop and temperature-drop velocity is 

unnecessary. 

[0017] [0017] 

w(D^0^{c:joVNT, ^MM\-ty In this invention, it is desirable to perform heat 

'yy'T =^~-/^PX'^ii 0 ^ t t'^tij treating at a lamp annealing reactor. 
^L<, ^J]^(D\^±.(D A temperature drop costs an at least one 

tzib^Ui^J^n'pfj:< thl°C degree more than for C / second for the 

y^j^^±.ti~^i'\ ^(D^W-V improvement in productivity and an efficiency. 
h ^ y yy" (DM^^'^^iS:T ^ However, in order not to make the endurance 

fj:\^^tiib. ttz. ^^MM^^mz of the lamp which is that heat source reduce, it 

MLX. 6 0 #1^±-C1i BMD relates to a heat-treating time. 

(D^tiiMi^^L\^^^it^^^^li^:L Since there is no remarkable change in the 
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ti)^h. 1 0 ~ 1 0 amount of precipitation of BMD in 60 seconds 

0 "C/^T 1 2 0 0 ~ 1 2 5 or more, a temperature rise is performed to the 
0°C(7)|Eia(c#aL. 5~6 0 range of 1200-1250 degrees C by the 10-100 
fP%W\^tz.%.^ l^?m.T^i^5 0~ degrees-C / second of temperature drops. 

1 0 0°C/#-C9 0 0°C~^?^ After maintaining for 5 to 60 seconds, the 
^t'?nJ|]-t"'5X|l7)^"#{i^;tS L process cooled to 900 degrees C - a room 
V "'o temperature by the 50-100 degrees-C / second 


mz^(D^m^ii\i^^\^°'^^ Next it relates to the thermal treatment 

->-t/'^^:fii^M^fflv^7ti?\^S equipment using the epitaxial-growth apparatus 

i^M(>i^ tXH 2 {cS-^'V^TlJ^ in this invention, and it explains based on Fig. 2. 
m-r^o m^(Dm^W&mt. The thermal treatment equipment of 

'^/vf-J-^ly^'^—W^^^ir^ illustration has comprised at least the thermal 

v-y 3 vmt:"^ dr'>-r/^^fi"T treatment equipment which can perform the 

tt7'^fl^ai^^{I*5V^T. 'pfl rapid heating and the quick cooling of above- 

< <h 1 o(7D5^-Y {cSusE mentioned conditions, to the one chamber in 

X.'(JM-~WTi%'^ the thermal treatment equipment which has the 
^Wk'^^fJi^MM'^W^ multi chamber structure and in which a silicon 

LT*3 «9 . C Tfi. :: (OW^ epitaxial growth is possible. 
(OM-MMW^^ X.XlMM'(^n<Dm. Here, the rapid heating of this invention and 

^Stt, v-y =1 y^#f?^St5± heat treating of a quick cooling heat-treat 

\z.:r.\f ^ ^i/-^ ;v^'^]{^^-t^ continuously in the chamber for forming an 

fz.i^(D=f-\ly/<—tWs^ir^=f- epitaxial layer on a silicon semiconductor 

\>y<—\z.i6\^XW^^\^Wh^ substrate, and the chamber to which it is 

S^fr^o adjacent. 

[00193 [0019] 

^^>' Ky >^'v^;^7"A 1 ^ The handling chamber 2 to which the air-tight of 

f^^tL/c/^> Ky >^~~g2(Z)4i the handling system 1 was performed is 

3^(-Eg$tL. RJF^co/N>Ky arranged central. 

y ^"M. 2 (D^H^fclEg $ tiS After transferring the silicon wafer 4 received by 

n— 3 "Cgitflofc: v- y =t the load chamber 3 arranged on the periphery 

y r:;^^— /n4 ^f^^(cRjf^cO/N of the circular handling chamber 2 to the 


in temperature-drop velocity is especially 
preferable. 


[0 0 183 
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> K y 2 co^MI^dgEM epitaxial formation chambers 5 and 6 similarly 

^^vz-ir/i^ff^/sfe^ arranged on the periphery of the circular 

5, 6 (l^i^LT^ iy-v handling chamber 2 and forming an epitaxial 

/i^/i^ffMLTtf^, layer, predetermined rapid-heating cooling is 

W)^W^U-M.l ^?f\'^(D'^M1]Vi heat-treated by the rapid-heating cooling 

f\?^*|](7)fiMS^fTV\ ^(^tl chamber 7 to which it is adjacent. 

^ _ y -yj/^^^fy B It cools to a room temperature after that at the 

l^^r-i^mL. mii^^BX'om coolIng station S. 

M^^m-t ^ oMJ^^tiX\^^ It consists of a sending-out chamber 9 so that 

■5 0 it may give out of apparatus. 

[0 0 2 0] [0020] 

C:co^^f:ijol/^T, •v/i^^^i' In this invention, in the case of the single 

^-ir >/< chamber structure which is not multi chamber 

-tiifco^-o^fi. structure, when heat-treating rapid-heating 

(D^MM^^no^s. rnf^df-i/ cooling, heat treating of a rapid heating and a 

^ ^^}^^'ik<(^MMM^.:iro XXfM^ quick cooling will be performed after an epitaxial 

m^i^M(Dm^m^n 9 r ^ tc/^ growth. 

*9 . -^k'^tc V (DH^Mmmmi^^ The heat-treating time per sheet is long. 

fi:<, ^M'I4/6S^< t'^'SPp^St)^ The problem which productivity become bad 

^C^o ti^oT. v/uf^^-^y is produced. 

^^—W^^^-t^B^MP^!^ Therefore, efficient heat treating can be 

V ^-5 ^ T', ^tStttDS'fb^^B performed by using the heat-treat furnace which 

<^tfl<. ^W^^lB^M^'^ has the multi chamber structure, without 

"Itt tti^o causing deterioration of productivity. 

[0 0 2 1 ] [0021] 


[^Mf^'J] [Example] 

1 Example 1 

C ZfiicJ: ^9 "mf&^^tiMJjit The surface bearing (100) as for the growth 

(10 0) , ^^f^MMM^t'^ was performed by the CZ process, and the 

ll~17XiO^^(atom oxygen density between lattices are 1 1 to 

s/c m ^) , itm^^'^ 1 (Q 17*1017 (atoms/cmS). To the silicon wafer of 

c m) ail (7) 2 0 0 mm9\-"i§i(D 200 mm outer diameter more than 1 (OMEGA) 
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v^y r3^/r;7ai— /^^v:H 1 {c^-f (cm), the specific resistance heat-treated the 
# t - hy<'^~y(Dm^m heat pattern, as shown in Fig. 1. 
L-fZo ^ir, -> U =1 >^ :n First, After forming a silicon epitaxial layer on 
— /^±}cv^y 3>':xt°^3rv'-r a silicon wafer, after cooling to a room 
/i^H^ff^^ Lfz(7)h. 'MitmLt.X' temperature, it is within argon atmosphere in a 
?niP LX^^hy VfT lamp annealing reactor. After a temperature rise 

^::TT/^:=^>#laM[^-C\ in various temperature of 1150-1300 degrees C 

5 0 "C/^T 1 1 5 0 ~ 1 by the 50 degrees-C / second of temperature 
3 0 0°C<7)M^a^fc:#rmt^, rise, after maintaining for 60 seconds, heat 
6 0#l^i^ t/c(^^. W&M. treating cooled to 600 degrees C by the 100 
1 0 0°C/'#-r'6 0 0°C^'e^*n degrees-C / second in temperature-drop 
iPI-^B^H^SSL/io ^(^#. velocity was applied. 

m^"^ :^—''^o-)WM^vA^'kl^ Then, in order to grow oxygen deposit of an 
5:$it^fc46^^#iaMp^'C:- 1 above-mentioned wafer, heat treating of for 16 
0 0 0°C. 1 6B^rs1(D|ft^Slr hours at 1000 degrees C was applied within 
MLtZo oxygen atmosphere. 

[0 0 2 2] [0022] 

y =t B MD In order to observe BMD inside a silicon wafer, 

^M^i~^fci^^ v-y^i^i^rn 2 micrometer etching is applied the cross 

—/^(DWrM^y^ section of a silicon wafer by the light etching 

X2 fim:^y^y^'i:mL. ^ solution. 

(DWrM^^^MUBX^y^h' The density was counted that cross section 

y V t X^X^^^ti ^ > V L as an etch pit by the light microscope. 

fco ^(75|§ll?r(l3 (c^-f-^ The result is shown in Fig. 3. 

m^(Dy-< h^y^^^Ogfi^tk The compounding ratios of the light etching 

{iiii.T(75ii ^ X'h^o solution at this time are as follows. 

HF:HN03:Cr03:Cu HF;HN03:Cr03:Cu(N03)2:H20:CH3COOH=6 

(N0 3)2:H20:CH3C 0cc:30cc:30cc:2g:60cc:60cc 

OOH=60cc : SOcc : (Refer "applied physics", 45, 1055 (1976) 

30cc:2g:6 0cc:6 TAKANO Yukio, and MAKI Michiyoshi) 
0 c c 

iltmm, 4 5, 1 0 5 5 (1 

9 7 6) mm^^. ^mm # 

BS) 
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[0 0 2 3] [0023] 

1213 ct "9 X v^y :nyr^^— /^F^ In order to obtain BMD which is the degree 

I G^:^;0^^#i: # ^Ult which can anticipate IG effect to the inside of a 

(7)BMD^t#-5fc:J6}^(i. 7 V silicon wafer, as lamp annealing process 

'fT=^~/\^^WU.I^t LXlt. temperature, 1200 degrees C or more are more 

1 2 0 0 °ca±7)^'^^^T-fe <0 . nearly required than Fig. 3. 
^(^0#(7)BMD^it«4 X 1 0 It turns out that BMD density at that time is 

^~5X10 ^ (cm"^) Vh^ 4*108 to 5*109 (cm-3). 

tt'^t>^^^c —iJ. yVfT On the one side, when lamp annealing 

/i^MSri-i^^ 1 3 0 0°C{c: process temperature was made into 1300 

Lfc^-^, BMD^^m^Li/^ degrees C, there is no change remarkable in 

"^WLl-tfl < . -h^^'y BMD density, and slip transition had generated 

—/^(D^'^^t^ hy^V y y^siiL it from the support part of a silicon wafer. 

[0 0 2 43 [0024] 

^fc, V ^ y Moreover, as an oxygen density between 

^f^^^'M^t LXit. 1 1 ~ lattices of a silicon semiconductor substrate, it 

17X10 ^Matoms/c has confirmed that the range of 1 1 to 17*1017 

m ^) <Dmm(Dh(Dtm^V^ (atoms/cm3) was applicable. 
-5 w ;i^?SIS'C# fco $ h (c:. Furthermore, silicon wafer 4 cross section at 

^(7)B#(D V/ y^yr^ai— /N4if that time forms the structure which is shown in 

mitmei^^^ti^xofj^m^^ Fig. e. 

iT^CoTiJo "9 . ^ffi/S^bfc^ct-?: The range of about 100-micrometer depth 

1 0 0 M m(Dm ^ (D^m^^BX was the defect-free layer 10 from the surface. 

Pii 1 0-efeofco 

[0 0 2 5] [0025] 

it^M 1 Comparative Example 1 
MMMlXi^F^Lfzi^^J ^^yy The silicon wafer which was used in the 

^^^fflv^T. :3it°'^^^y^ example 1 is used. 
/i^jSi5^fi::7°n-fe-;^^tTo7tt^. After performing an epitaxial layer-formation 

M^^m^^fi^S:^-^ ^fzib length process, in order to grow oxygen deposit, 

^^#ia^l^'e 1 0 0 0 °C. heat treating of for 16 hours at 1000 degrees C 

1 6 ^f^(D$^MM^M Lfzo ^ was applied within oxygen atmosphere. 
v^Tr^MM 1 <t iBj^tCBMD^ Subsequently BMD was observed as the 
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li,^ Lfclp;^, (H 3 CO n o n example 1. 

RTA (a s Ep i) {ZTjk-f- As a result, it is non of Fig. 3. As shown in 
ci;9^-^ 1. 3X10 Mem" RTA (as Epi), it becomes below 1.3*107 (cm- 

^) UTt^j:^ BMDO^ffl±l;5^^> 3), and it was confirmed that precipitation of 

f£\^^^ti'^Bm^titz, BMDisfew. 

[0 0 2 6] [0026] 

MMM 2 Example 2 

C Z&tcJ; 19 "mf^^titi^Jjit The surface bearing (100) as for the growth 

(10 0) , was performed by the CZ process, and the 

ll~17xi0^^(atom oxygen density between lattices are 11 to 

s / c m ^) . l^tU^t'^ 1 (Q 17*1017 (atoms/cm3). To the silicon wafer of 

c m) Si±(D 2 0 0 mm^fl(75 200 mm outer diameter more than 1 (OMEGA) 

i/y ziy^i— /Nfig] 1 }c7r:f (cm), the specific resistance heat-treated the 

t— h/N^ — ycoflMS heat pattern, as shown in Fig. 1. 

LtZa ^"f X i^D a:. First, after forming a silicon epitaxial layer on 

— y 3 v^-v a silicon wafer, after a temperature rise in 

/i^M^Jf^f^LtKDh. yy-fr various temperature of 1150-1300 degrees C 

— — /^jptcTT/i^=f>#iaMF*3 by the 50 degrees-C / second of temperature 

"C, ^ilm.M^5 0°C/fp'(:' I 1 rise within argon atmosphere at a lamp 

5 0~ 1 3 0 0°C(Dffi/irra>^(c annealing reactor, for 5 seconds, for 60 

5f}\ 6 Of}, 120 seconds, after maintaining for 300 seconds, 

f}\ 3 0 0#^^^^Lfc(7)^, 1^ heat treating cooled to 600 degrees C by the 

0 0°C/#T6 0 0°C 100 degrees-C / second in temperature-drop 

^ Vi^Mir^m^M^m L/Co velocity was applied for 120 seconds. 

^co"^, mt^fy ai—/^(D^^^ Then, in order to grow oxygen deposit of an 

ttji^^fife^S^-^S/cii^^^^ja above-mentioned wafer, heat treating of for 16 

^rt-ei 0 0 0°C. 1 6^^r^(D hours at 1000 degrees C was applied within 

Bf^M^MLfz, }k^-^VMMin oxygen atmosphere. 

1 t W]^i(ZBMD^M^ L/ilS Subsequently the result which observed BMD 

^^Wi 4 iCTj^-f'o as the example 1 is shown in Fig. 4. 

[0 0 2 7] [0027] 

mti^'V =1 y :^ \i° On the one side, the wafer which formed the 

-r/^ilSrff^/^fe L-fc^^ 31— 7 above-mentioned silicon epitaxial layer 

yy'T ^—ji^'}^{'XT /^'=i'yW becomes as follows after a temperature rise to 
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HMf^T. #ra3i^ 5 0°C/# the various temperature of 1150-1300 by the 50 

■C1150~1300 & degrees-C / second of temperature rise within 

i^f-#rfit^. 6 Of}^W Lti(D argon atmosphere at a lamp annealing reactor. 

■^.I^Si^i^ 1 0°C/|j'\ 5 0°C After maintaining for 60 seconds, heat treating 

/#. 1 0 0 °C/#, 2 0 0 °C cooled to 600 degrees C by the 10 degrees-C / 

/#'e 6 0 CC^'Ci^Sp-f'S^ second in temperature-drop velocity, the 50 

^M^M LfZo ^(D'iks Bute degree-C / second, the 100 degree-C / second, 

rc— /N(D^^|lf dbtiSr^S^-ti: and the 200 degree-C / second was applied. 

'5fc:i6^^#H^f^'Cl 0 0 Then, in order to grow oxygen deposit of an 

0 °C, 16 B#rHl(7)#?iMS^M L above-mentioned wafer, heat treating of for 16 

fz^ ^V^T^Jfef^Jl tW\^KB hours at 1000 degrees C was applied within 

MD^liS X^fzl^^^^ 5 (c^ oxygen atmosphere. 

'to Subsequently the result which observed BiVID 

as the example 1 is shown in Fig. 5. 

[ 0 0 2 8 J [0028] 

114, 5=t"9. 'yV^y^MW The range of the oxygen density between 

'^^R(D^^W\WBM.^ti^ 1 1 ~ lattices of a silicon semiconductor substrate is 

17X10 ^Matoms/c 11 to 17*1017 (atoms/cmS) from Figs. 4 and 5. 

m ^) (DUMX'hV . MMMW^ As heat-treating conditions of rapid-heating 

/^iPOflM^#ct LT 1 cooling, it is 1200 degrees C or more. 

2 0 0 °CJLJ^±-Cfc ^ . t^^m^ And if it is 5 seconds or more as a heat-treating 

m^W^tX^X^mjshX'hH^t time, BMD of 1*108 to 8*109 (cm-3) will be 

y =r iy^l^fy^\z. 1X10^ obtained inside a silicon substrate. 

~ 8 X 1 0 ^ ( c m"^) BMD It has confirmed that sufficient IG effect was 

m^hi^i. +':^fl\G9mtm expectable. 

-5 C: i: fdo ^ Moreover, a remarkable change of BMD 

fc, 6 om^}i(DW'Mm>^mx density was not observed in the heat-treating 

fi, BMD^f^(DM\^\^^^itt'^ time for 60 seconds or more. 

[0 0 2 9] [0029] 

Sfc, P^?i.Mi^(^ov^T t), 1 Moreover, also about temperature-drop 

0°C/#JiX±-efctL{j; 1X10 velocity, when it was more than the 10 degree- 

°~5X10 ^ (cm"^) (DBM C / second, BMD of 1*108 to 5*109 (cm-3) was 

D;5^#f5tifCo L;O^L10 0°C obtained. 


99/10/26 


20/26 


(C) DERWENT 


JP11-150119-A 


^^DERWENT 


/fJ^&.±(DW^'Ml^'^'it. BM However at the temperature-drop velocity 

D^JM(D^L^^^i[:itfj:< . t more than a 100 degree-C/ second, there is no 

tzi^V =^ :r.—/^(DXW^^^ remarkable change of BMD density, and slip 

(b :^ V y y^^iiL -/j'^^^LX^^ transition had generated it from the support part 

tZo of a silicon wafer. 

[0 0 3 0] [0030] 


[EFFECT OF THE INVENTION] 

Z(D^mit. ^>y^v^2¥f$S This invention can make the inside of a 

^±(c -yV^^'y^t'^^iy^/u substrate precipitate efficiently the micro defect 

H^ffM Lti(D-lb. of the degree which can anticipate IG effect, by 

M^P^XM^MWiRlfMMi^M applying high-temperature short-time heat 

(DM^^^^^f^Wi^M^Mi~ ^ t treating of a rapid heating and a quick cooling 

J; , J; < St^F^nPtc I within non-oxidising atmosphere, after forming 

G^:^(7)ffi#-et 6g-^(^^/J- a silicon epitaxial layer on a silicon 

Xf-^^^ta^-^^^ tt'^V^. semiconductor substrate. 

/^'f-'f- y ^^—W^^"^ Moreover in the thermal treatment equipment 

-f'^yV =iy:^h'^ ^y^/Uf^ which has the multi chamber structure and in 

■B:'^^^J:^MM.^W.i<^^^^X , which a silicon epitaxial growth is possible, this 

^(DMMMI^.. MMi^^'^t^^^ heat treating can be performed efficiently, 

^MM^U^MciMLfz^^- yy< without causing deterioration of productivity by 

— ^^ft-S ^ ^: J; "9 , providing the chamber which comprised the 

(DMAt^lrB < CI i: < , J: thermal treatment equipment in which this rapid 

< ZCD^MM^'^X^ heating and a quick cooling are possible. 

imm(Dm^^£Um] [BRIEF EXPLANATION OF DRAWINGS] 


imi] [FIGURE 1] 

Z(D^m{^X^m^mi7m<D t It is the graph in which the example of a heat 

— h^<^ — yM^^i-^^'yyV pattern of the heat-treating method by this 

fe^o invention is shown. 

[112] [FIGURE 2] 
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^<D^m^X^BMM'^W:<DU It is the upper-surface explanatory drawing 
^^7j^-f±®|J^^[21-rfe-5o showing the profile of the thermal treatment 

equipment by this invention. 


[I2I31 [FIGURES] 

r (75^0^ J; 6 BMmJyi!^(Dm It is the graph of BMD density after heat treating 

^M^^J^i^^^^Tjki-^ ^MM. in which the heat-treating temperature 

"^^(DBMD^^Oi:^'^ yx^h dependency of the heat-treating method by this 

■So invention is shown. 


[1114] [FIGURE 4] 

^(Dmmz.^^ m^mi7m(Dm it is the graph of BMD density after heat treating 

^M^f^W^i^^^'t. W^MM in which the heat-treating time dependence of 

^(7)BMD^it(7)^"7 the heat-treating method by this invention is 

•So shown. 


[115] [FIGURES] 

r (Dmmi^ X6B^mijm(D^ it is the graph of BMD density after heat treating 
?l.iSitte#'t4^^-t. ^MM"lk in which the temperature-drop velocity 
(D BMD^^CD ^'yy ^ dependence of the heat-treating method by this 

invention is shown. 


[me] [FIGURES] 

^(Dmm^X^BMM'lk<D^yV It is the cross-sectional explanatory drawing of 

=^ > :^~-y^(DWr^^^MMX'h the silicon wafer after the heat treating by this 

So invention. 


[1117] [FIGURE 7] 

"^^(D:^h°^^'y^/\^M!^S:y' It is the graph in which the heat pattern of a 

n-fe;^co t — |>/N^ — y^^-f conventional epitaxial layer-formation length 

"^'yyvh^o process is shown. 

[n^(Dmm] [explanation of drawing] 

1 y^yl^'VyV^y^'rJ^ 1 Handling System 

2 /N>Ky>i^"^ 2 Handling Chamber 

3 D— 3 Load Chamber 
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7 
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1 0 


4 Silicon Wafer 

5, 6 Epitaxial formation chamber 

7 Rapid-Heating Cooling Chamber 

8 Cooling Station 

9 Sending-Out Chamber 

10 Defect-free Layer 
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[FIGURE 1] 


Quick heating, quick cooling heat process 


Temperature (degrees C) 


Epitaxial Layer Growth Process 


Estimated Heat Process 


Time (hr) 



19 WCHr) 


[M2] [FIGURE 2] 
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[FIGURE 3] 
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[FIGURE 4] 
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[FIGURE 6] 
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[FIGURE 7] 
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[FIGURE 5] 
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